Objective: Maternal ovarian torsion in pregnancy is a rare complication. This study was conducted to review the clinical manifestations, and to compare the outcome between laparoscopy and laparotomy in women undergoing surgery for ovarian torsion (OT) during pregnancy. Materials and Methods: Using the International Classification of Disease, Ninth Revision, and Clinical Modification, we reviewed the clinical records of patients with OT during pregnancy between 1997 and 2008 at a university hospital. Results: Twenty pregnant women were identified with surgically proven OT, 10 in the first trimester, eight in the second, and two in the third. Thirteen (65%) cases were suspected before operation to be adnexal torsion. The most common symptom and sign were pelvic pain (95%) and an adnexal or pelvic mass (95%), followed by nausea and vomiting (65%), elevated white blood cell count >12 Â 10 9 /L (45%), and fever (10%). Most patients in the first trimester (75%) and a minority in the second and third trimesters (37.5%) received management via laparoscopy. Patients undergoing laparoscopy treatment had smaller ovarian masses and a shorter postoperative hospital stay than those receiving laparotomy. None of these patients had significant complications during or after surgery. However, the outcomes of pregnancy varied: 12 (60%) term deliveries, three (15%) preterm deliveries at over 31 gestational weeks, one missed abortion and four elective abortions in the first trimester. Conclusion: The diagnosis of OT during pregnancy is often missed due to nonspecific clinical features and uncommon objective findings. Detorsion only or detorsion plus ancillary procedures via laparoscopy is recommended to treat pregnant women suffering from OT, owing to the advantages of a shorter hospital stay and favorable surgical and pregnancy outcomes.
Introduction
Torsion of the adnexa accounted for 2.7% of all surgical emergencies in one series of acute gynecologic complaints [1] . However, maternal ovarian torsion (OT) during pregnancy is a rare event, with a reported incidence of 1e10 per 10,000 spontaneous pregnancies [2] . Because OT in pregnancy more commonly occurs in the first half of gestation, early diagnosis and treatment is very important to salvage the adnexa in women desiring to continue their pregnancy and preserve ovarian future function. The correct diagnosis of maternal OT in pregnancy may be delayed due to nonspecific clinical features and difficulties encountered in performing a physical examination, particularly in the second half of pregnancy. Most of the clinical data on OT in pregnancy have been presented in some small series and several case reports [1e14], whose pregnancy outcome was always not clearly identified. Hence, the aims of this study were to describe clinical symptom presentations, objective findings, and surgical and pregnancy outcomes of maternal OT in pregnancy over a 12-year period at our institute, and to compare the surgical results of laparoscopy and laparotomy.
Materials and methods
A retrospective study was undertaken of a consecutive series of OT in pregnancy presenting at our institute, a tertiary hospital. Medical records from 1997 to 2008 that contained adnexal torsion in pregnancy were extracted. Furthermore, patients were picked out by applying the International Classification of Disease, Ninth Revision, and Clinical Modification (ICD-9-CM; codes 654.4 and 620.5). If OT in pregnancy was confirmed by chart documentation, data regarding demographic information, symptoms and signs, surgical outcome and pathological findings were collected. In addition, data from imaging studies and tocolysis records were also reviewed. Patients with a diagnosis of OT in pregnancy who did not have surgical confirmation of OT were not included in this study. Imaging studies included gynecological ultrasound performed by on-duty gynecologists. Color Doppler flow for an adnexal lesion was evaluated at the level of the ovary and tube through the vaginal route using the Acuson Sequoia 512 ultrasound system (Acuson, Mountain View, CA, USA; vaginal transducer 4-9 MHz).
Prophylactic tocolysis was not routinely given but was administered if the patient experienced uterine contraction after surgery. The tocolytic protocol included oral or intramuscular administration of progesterone in the first trimester, and oral or intravenous administration of ritodrine in the second and third trimesters. The gestational trimesters were classified as follows: (1) first trimester, before 12 weeks; (2) second trimester, 13e27 weeks; and (3) third trimester, 28 weeks and above.
Finally, we compared the various clinical manifestations, intra-and postoperative complications, and length of hospital stay between patients undergoing laparoscopy and those receiving laparotomy. The ethics committee of our university hospital approved the study protocol (No. 96-0556B). For analyses of factors associated with OT in pregnancy and the choice of operating methods, discriminant analysis was used. A p value <0.05 was considered statistically significant.
Results
A total of 20 pregnant women were identified with surgically proven OT: 10 in the first trimester, eight in the second, and two in the third. Two (10%) pregnancies were achieved by ovulation induction, and one (5%) was complicated by ovarian hyperstimulation. The mean age of the patients was 29.4 AE 5.1 years (range 22e40 years), with a mean parity of 0.5 AE 0.8 (range 0e3), and a mean body mass index of 21.1 AE 2.6 kg/m 2 (range 17.5e28.5 kg/m 2 ). The mean duration of lower abdominal pain until operation was 11.7 AE 40.1 days (range 0.4e180 days). Five patients (25%) had had prior pelvic surgery, including two who had undergone cesarean section, two ovarian cystectomy, and one surgery for an ectopic pregnancy. Table 1 shows that the most common symptom and sign were pelvic pain (95%) and an adnexal mass (95%), followed by nausea and vomiting (65%), elevated white blood cell count >12 Â 10 9 /L (45%), and fever (10%). The characteristics of the pain were variable: its onset was sudden in 12 (60%) women, almost all patients complained of lower abdominal pain, but peritoneal signs were encountered in only seven (35%). In all patients except one, an adnexal or pelvic mass could be detected on gynecological ultrasound; the mean size of the ovarian cystic mass at surgery was 7.9 cm (range 4e20 cm, median 6.6 cm). Doppler flow studies were carried out in two cases, both showing normal adnexal vascular flow.
Twelve patients (60%) underwent laparoscopy and eight patients (40%) laparotomy. Most of the women in the first trimester (9/12, 75%), but only a minority in the second and third trimesters (3/8, 37.5%), received laparoscopy. The operative procedures were as follows: detorsion followed by cystectomy in 16 patients (80%), oophorectomy in two (10%) with masses larger than 12 cm, and simple detorsion in two (10%). Patients were more commonly diagnosed with a lesion on the right side (60%), and more patients (70%) presented themselves at the emergency department and underwent laparoscopy (60%). Thirteen (65%) cases were suspected to be adnexal torsion before operation; other preoperative diagnoses were appendicitis in three and ovarian cyst in four women. Ten patients (50%) had surgery within 24 hours, and 17 patients (85%) received surgery within 72 hours. Table 2 demonstrates that the patients who underwent laparoscopy had a significantly smaller ovarian mass and a shorter hospital stay than those undergoing laparotomy. No patient suffered significant complications during surgery. In terms of pregnancy outcome, there were 12 (60%) term deliveries, three (15%) preterm deliveries at 31, 32, and 34 gestational weeks, respectively, one (5%) missed abortion, and four (20%) elective abortions in the first trimester, with patients citing fear of surgical and anesthetic risk inflicted on the fetus. There was no significant difference in pregnancy results between laparoscopy and laparotomy. Four women (4/ 15, 27%) delivered by cesarean section for common obstetric indications, and 11 women (11/15, 73%) underwent vaginal deliveries. Table 3 shows that teratoma, corpus luteum cyst, and follicular cyst were the three most common masses. 
Discussion
In our series, 50% of cases of maternal OT occurred in first trimester and only 10% in the second half of pregnancy. Our findings were in accordance with other reports in showing that OT mainly occurs during the first trimester of pregnancy [1e5]. We observed that the common symptoms and signs of maternal OT in pregnancy include a sudden onset of lower abdominal pain with nausea/vomiting, an adnexal mass, and an increased white blood cell count. However, the diagnosis of maternal OT was missed in 35% (n ¼ 7) of our patients because of nonspecific clinical features and uncommon objective findings. Previous studies have also addressed similar problems with diagnosis [1, 4] ; the reported rates of incorrect preoperative diagnosis of OT in pregnancy have range from 15% to 30%. Our erroneous preoperative diagnoses were ovarian cyst and appendicitis. Other preoperative diagnoses in previous reports included ovarian hyperstimulation, round ligament pain, preterm contractions, and pyelonephritis [4] .
Some investigators have suggested that the correct diagnosis of maternal OT might be delayed in the second half of gestation because the increased dimensions of the uterus cause difficulties in abdominal palpation and inefficient sonographic examination [3] . However, our results and those of previous studies demonstrate that maternal OT usually occurs in the first trimester [1, 3] , allowing clinicians to carry out a satisfactory physical and ultrasound examination. Keeping a high index of suspicion of ovarian mass torsion in pregnant women with a relevant clinical presentation is the clinician's best tool in diagnosing this condition [3] .
The probable explanation for the tendency of most cases of maternal OT to occur in the first half of pregnancy is related to a higher incidence of functional cysts in the first trimester [4] , which increases the risk of OT in these women. Our data provided evidence for this hypothesis, with 35% (n ¼ 7) of patients having a functional cyst identified in the first trimester. Bider et al. [4] reported that 17 (85%) of 20 pregnant women who experienced adnexal torsion during pregnancy had functional cysts: 11 follicular and six corpus luteum cysts. Another common ovarian mass in our patients was a teratoma, agreeing with what has been previously reported on adnexal torsion [15] : a review article summarizing the findings from several published reports reported that corpus luteum cysts and benign cystic teratomas contributed to two-thirds of adnexal torsion during pregnancy [16] .
Some studies have reported that assisted reproductive technologies are a major risk factor for maternal OT in pregnancy [2e4,6]. After ovarian stimulation, the incidence of OT in pregnancy rises to 6%, reaching up to 16% in cases of ovarian hyperstimulation syndrome [6, 17] . Three retrospective case-control studies demonstrated that 48e73% of maternal OT in pregnancies achieved by ovulation induction or in vitro fertilization were complicated by ovarian hyperstimulation [2e4]. By contrast, our results showed that only two patients (10%) had received ovulation induction, and one of them was complicated by ovarian hyperstimulation (5%).
In our study, right-side ovarian torsion happened more frequently than left-sided torsion, a finding that has been noted in other reports [3, 4, 18] . This may be because surgeons are more likely to perform surgical exploration on right-sided abdominal pain to rule out acute appendicitis [19] . Another possible explanation is that the sigmoid colon helps prevent torsion of the left-sided adnexa [20] .
Ultrasound scanning is usually the first imaging tool used in evaluating pelvic pain during pregnancy. In our series, the adnexal mass could be identified by ultrasound in almost all patients (95%). An enlarged ovary (>5 cm) was found in 95% of our patients at surgery. Our data indicated that ovarian cysts smaller than 5 cm rarely caused OT during pregnancy, in agreement with other reports on adnexal torsion during pregnancy [21] . In a cohort study from Taiwan, Yen et al followed 174 patients with an adnexal mass through pregnancy, 15% of whom went on to develop torsion of tumor [21] . In their study, adnexal masses between 6 cm and 8 cm in size were associated with a significantly higher risk of torsion than masses of other sizes. In line with this, the median size of adnexal masses in our data was 6.6 cm.
Doppler flow imaging with morphological assessment has been shown to improve the accuracy of diagnosing OT outside pregnancy [22] , while during pregnancy this imaging technique had higher false-negative rates: Smorgick et al [3] found normal Doppler blood flow findings in 60% of cases of adnexal torsion preoperatively. Using Doppler flow examination, Hasson et al [2] evaluated 18 pregnant women with OT and found that 11 (61%) patients presented with normal blood flow before the operation. Our study, too, missed the two cases with OT that were aided by Doppler flow imaging. Some surgeons have been reluctant to untwist the pedicle for fear of releasing an embolus from a thrombotic vessel. In 1989, Bider et al [13] were the first to untwist adnexal torsion in six pregnant women, with no complications arising. More recently, adnexa-sparing procedures have been suggested by several investigators for pregnant women with OT [24] . Smorgick et al [3] performed detorsion in all their cases in their series of 33 pregnant women with OT, followed by cystectomy in four cases, and oophorectomy in one case with a 10 cm cystic teratoma. Of 20 patients who had OT in pregnancy in Bider et al.'s series [4] , 17 (85%) patients received detorsion, followed by biopsy, aspiration, and cystectomy in nine (45%) patients. In Hasson et al.'s study [2] , all 49 women received detorsion, 27 of them also undergoing an additional procedure(s). In our series of 20 patients, 16 (80%) underwent detorsion followed by cystectomy, two (10%) were treated by simply unwinding the torsion, and two (10%) with larger masses received oophorectomy.
Regarding the relationship of surgical methods with pregnancy outcome, published data are limited at present. In our study, 15 women (75%) delivered live babies: 12 term deliveries, and three preterm deliveries after 31 gestational weeks. In a review article, Jackson et al [23] pointed out that tocolytics should not be used prophylactically in the laparoscopic treatment of surgical diseases during pregnancy, but should be considered perioperatively when signs of preterm labor are present [23] . The specific agent and indications for the use of tocolytics should be individualized. Similar good pregnancy outcomes have also been revealed in other studies [2e4]: Bider et al [4] reported that 11 of 18 (61%) patients delivered at term and one delivered prematurely at 26 gestational weeks; similarly, 83% of 36 pregnant women in Hasson et al.'s study [2] delivered healthy babies at term, and 8% had preterm delivery. Pregnancy outcome in Smorgick et al.'s study [3] of 23 pregnancies was also favorable, with 16 (70%) term deliveries and six (26%) preterm births.
In our series, 60% of patients undergoing laparoscopy had a smaller ovarian mass and a shorter hospital stay. Laparoscopy did not have an adverse impact on maternal and fetal outcomes. Previous studies have shown favorable surgical and pregnancy outcomes when treating OT in pregnancy by laparoscopy [2e4]. Our study indicated no intraoperative complications, and only one woman experienced a missed abortion after laparoscopy. We are unable to identify from the laparoscopy procedure any factor contributing to this missed abortion. However, because carbon dioxide exchange occurs with intraperitoneal insufflation, there has been concern over the effects of acidosis on the fetus [23] . Some animal studies have confirmed fetal acidosis with associated tachycardia, hypertension, and hypercapnia during carbon dioxide pneumoperitoneum [24, 25] . Until now, however, there has been no evidence to support long-term detrimental effects resulting from carbon dioxide pneumoperitoneum in humans [26] . According to published results, carbon dioxide insufflations of 10e15 mmHg can be safely used for laparoscopy in pregnant women [23] .
The limitations of our study included the facts that the data were collected retrospectively and that the number of cases was small. It is, however, difficult to accumulate enough cases to conduct a larger, prospective study since maternal OT is rare in pregnant women.
In conclusion, most maternal OT occurred during the first trimester. The diagnosis of OT in pregnancy is often missed due to nonspecific clinical features and uncommon objective findings. Detorsion alone or detorsion plus ancillary procedures carried out via laparoscopy is recommended to treat pregnant women suffering from OT, owing to the advantages of a shorter hospital stay and favorable surgical and pregnancy outcomes.
